To look at the association of total and high molecular weight (HMW) adiponectin with markers of fat distribution, oxidative stress and inflammation in Asian Indians. Methods: A total of 120 subjects were chosen randomly from Chennai Urban Rural Epidemiological Study. Fasting HMW adiponectin levels, TNF-alpha and oxidized LDL were measured using ELISA. High sensitivity C reactive protein (hsCRP) was measured by a high sensitive nephelometric assay. Lipid peroxidation was measured by Tbars assay and protein carbonyl content was assessed by DNPH assay. Visceral and subcutaneous fat areas were assessed by computed tomography (CT) scan. Results: When stratified based on the tertiles of visceral fat, the levels of total (p = 0.03)and HMW adiponectin(p = 0.007) were highest in the first tertile followed by tertiles 2 and 3 whereas in tertiles of subcutaneous fat, there was no such trend. With increasing tertiles of Tbars, the levels of total (p = 0.03) and HMW adiponectin decreased (p = 0.002). The levels of HMW (p < 0.001) but not total adiponectin was also found to decrease with increasing tertiles of Protein carbonyl content. The levels of Total (p = 0.02) and HMW adiponectin (p = 0.004) were highest in the first tertile of oxidized LDL followed by tertile 2 and tertile 3. With increasing tertiles of TNF-alpha total (p = 0.01) and HMW adiponectin (p = 0.004) was found to decrease. With increasing tertiles of hs-CRP, Total (p = 0.005) and HMWadiponectin (p = 0.007)was found to decrease. Conclusion: Oxidative stress markers, visceral but not subcutaneous fat and inflammation are associated with total and HMW adiponectin levles in Asian Indians.
Introduction
Adiponectin is an insulin sensitizing, antiatherogenic and anti-inflammatory adipokine secreted by the adipose tissue [1] . Decreased levels of adiponectin are shown to be associated with type 2 diabetes and obesity, particularly in visceral obesity, and also correlate inversely with insulin resistance [2, 3] .
Adiponectin is of three isoforms-a low molecular weight timer, a medium molecular weight 6 mer and a high molecular weight (HMW) 12-18 mer [4] . The HMW adiponectin has been shown to be the most biologically active form of the hormone [5] . Weight loss has been shown to specifically increase the HMW adiponectin form [6] . Moreover, thiozolidinedione mediated improvements in insulin sensitivity has been shown to be facilitated by the HMW adiponectin form [7] .
Chronic hyperglycemia causes the increased production of reactive oxygen species (ROS) and the resulting oxidative stress in the visceral adipose tissue is known to be a key event in the pathogenesis of diabetes [8, 9] . Earlier studies have elucidated the effect of fat distribution and oxidative stress on total adiponectin levels [10] ; but data on HMW adiponectin are sparse and mounting evidence indicates that the defects in adiponectin oligomerization and consequent HMW isoform formation could be because of the redox status [11] . Hence this study was done to look at the association of total and HMW adiponectin with markers of fat distribution, oxidative stress and inflammation in Asian Indians who have increased susceptibility to type 2 diabetes and premature coronary artery disease.
Research design and methods
Study subjects were recruited from the Chennai Urban Rural Epidemiological Study (CURES), an ongoing epidemiological study conducted on a representative population (aged 20 years) of Chennai (formerly Madras), the fourth largest city in India. The methodology of the study has been published elsewhere [12] . Briefly, in Phase 1 of the urban component of CURES, 26,001 individuals were recruited based on a systematic random-sampling technique; Details of the sampling are described on our website (http://www.drmohans diabetes.com/ under the link 'Publications'). In Phase 2 of CURES, all the known diabetic subjects in Phase 1 were invited to the centre for detailed studies on vascular complications. In Phase 3 every tenth subject in Phase 1 was invited for special studies.
For the study, a total of 120 study subjects were, randomly selected using computer generated numbers from Phase 3 of CURES. Of these 40 subjects had type 2 diabetes (T2DM). Institutional ethical committee approval of the Madras Diabetes Research Foundation was obtained and written informed consent was obtained from all study subjects.
Anthropometric measurements
Anthropometric measurements, including weight, height, and waist circumference, were obtained using standardized techniques. Height was measured with a tape to the nearest centimeter. Weight was measured with a traditional spring balance that was kept on a firm horizontal surface. Waist circumference was measured using a non-stretchable fiber measuring tape. The body mass index (BMI) was calculated as the weight in kilograms divided by the square of height in meters. Blood pressure was recorded in the right arm in the sitting position to the nearest 2 mmHg with a mercury sphygmomanometer (Diamond Deluxe BP apparatus, Pune, India). Two readings were taken 5 minutes apart and the mean of the two was taken as the blood pressure. A questionnaire was administered to the study subjects to collect details like self-reported current and past smoking [12] .
Biochemical parameters
Fasting plasma glucose (FPG) (glucose oxidaseperoxidase method), serum cholesterol (cholesterol oxidase-peroxidase-amidopyrine method), serum triglycerides (glycerol phosphate oxidase-peroxidase-amidopyrine method), highdensity lipoprotein cholesterol (HDL-C) (direct method-polyethylene glycolpretreated enzymes) and Creatinine (Jaffe's method) were measured using Hitachi-912 Autoanalyser (Hitachi, Mannheim, Germany). The intra-and interassay coefficient of variation for the biochemical assays ranged between 3.1% and 7.6%. Low-density lipoprotein cholesterol (LDL-C) was calculated using the Friedewald formula. Glycosylated hemoglobin (HbA1c) was estimated by high pressure liquid chromatography using the Variant machine (Bio-Rad, Hercules, CA). The intra-and interassay coefficient of variation of HbA1c was less than 10%.
Microalbumin concentration was measured in a fasting urine sample using an immunoturbidometric assay (Hitachi 902 autoanalyser; Roche Diagnostics) as described earlier [12] . The mean inter-and intraassay coefficients of variation were 3.5% and 4.2%, respectively. Microalbuminuria was diagnosed if the albumin excretion was between 30 and 299 μg/mg of creatinine.
Fasting adiponectin levels were measured using radioimmunoassay (catalogue no. HADP −61 HK, Linco Research, St Charles, Mo, USA). The intra-assay and the inte rassay coefficients of variation were 3.8% and 7.4%, respectively, and the lower detection limit was 1 ng/mL.
Fasting HMW adiponectin levels were measured using ELISA (Millipore USA). The intra-assay and the interassay coefficients of variation were 3.8% and 7.4%, respectively, and the lower detection limit was 1 ng/mL.
High sensitivity C reactive protein (hsCRP) was measured by a high sensitive nephelometric assay using a monoclonal antibody to CRP coated on polysterene beads (Dade Behring, Marburg, Germany). The intraassay and the inter-assay coefficient of variation for hsCRP were 4.2% and 6.8% respectively and the lower detection limit was 0.17 mg/L. TNF-α concentration was measured by Enzyme linked immunosorbent assay (ELISA) [Biosource, Europe] and the intra and inter-assay co-efficient of variation ranged between 3.4% and 7.7%.
Oxidized LDL was measured using commercially available sandwich enzyme-linked immunosorbent assay (Mercodia, Uppsala, Sweden). The intra-and interassay coefficient of variation for the assay ranged between 5.5% and 8.6%.
Lipid peroxidation
Plasma levels of Malonodialdehyde (MDA), a marker of lipid peroxidation was measured by thiobarbituric acid reactive substances (TBARS) using a fluorescence methodology [13] . Briefly, 0.2 mL of plasma was mixed with 10% SDS, 20% acetic acid and 0.53% TBA and boiled at 100
• C for 1 h. Butanol:pyridine (15:1) was added, mixed and centrifuged at 3000 rpm for 10 min. The organic solvent was removed and read at excitation 535 nm and emission 552 nm. Absolute MDA levels were calculated by regression parameters using different concentrations of the standard, 1,1', 3,3',-tetramethoxypropane. Inter-and intra-assay coefficients of variation of the above method were 5% and 10%, respectively.
Protein carbonyls
Protein carbonyl content [PCC] was evaluated by the 2,4-dinitrophenylhydrazine (DNPH) assay [14] . Blanks were run with 2 M HCl alone instead of DNPH reagent. Protein carbonyl content was expressed as nmol/mg protein, using a molar absorption coefficient of 22,000 M-1 cm − 1. Protein concentration was determined using a standard curve with bovine serum albumin (BSA: 0.25-5.0 mg/mL) dissolved in guanidine hydrochloride and read at 280 nm. The intra and inter-assay coefficients of variation were 2.2 and 2.8% respectively.
CT scan procedure
Subcutaneous and visceral fat were measured using a Helical CT scan (General Electric, Milwaukee, WI) as previously described [15] . The scans were done at 120 kV, 200-250 mAs. Subjects were requested to lie in the supine position with their arms above their head and legs elevated with a cushion. A single scan (10 mm) of the abdomen was done at the level of L4-L5 vertebrae and analyzed for a cross-sectional area of adipose tissue, which was expressed in centimeters squared. Areas were calculated by multiplying the number of pixels of a given tissue type by the pixel number (pixel density). The external contour of the waist was determined using a threshold of −160 HU (Hounsfield Unit), and the external bone contours were derived at −30 HU. The pa- rameters studied included visceral, subcutaneous, and total abdominal fat. Visceral fat was distinguished from subcutaneous abdominal fat by tracing along the fascial plane defining the internal abdominal wall.
Definitions
Diabetes was diagnosed based on criteria laid by the WHO Consultation Group report i.e. fasting plasma glucose (FPG) 7.0 mmol/l (126 mg/dl) and/or 2 hr post glucose value 11.1 mmol/l (200 mg/dl) based on the past medical history, drug treatment for diabetes.
Insulin resistance was calculated using the homeostasis assessment model (HOMA-IR) using the formula: fasting insulin (μU/mL) × fasting glucose (mmol/L)/22.5.
Statistical analysis
Data were expressed as mean ± standard deviation (SD). The Student t-test or one-way analysis of variance (ANOVA) (with Tukey honestly significant difference [HSD]) as appropriate was used to compare groups for continuous variables. Linear regression analysis was done using HMW adiponectin as the dependent variable and various oxidative and inflammatory marker levels as independent variables. All analyses were done using Windows-based SPSS statistical package (Ver-sion 10.0, Chicago). P 0.05 was considered as significant. Table 1 shows the clinical and biochemical characteristics of the study subjects according to the tertiles of HMW adiponectin. Subjects in tertile 3 were older and also had significantly higher percentage of males. Hence all the other parameters were adjusted for age and gender. Total cholesterol (p = 0.026) were higher in subjects of Tertile1 compared to those in tertile 2 and tertile 3. The other parameters were not significantly different between the study subjects and all the subjects had normal renal function as shown by normal levels of microalbumin. The levels of total adiponectin were higher in tertile 3 compared to tertiles 2 and 1 (p < 0.001).
Results
When stratified based on the tertiles of visceral fat, the levels of total (9.8 ± 0.9) (p = 0.03)and HMW adiponectin (2.5 ± 0.2) (p = 0.007) were highest in the first tertile followed by tertiles 2 and 3 whereas in tertiles of subcutaneous fat, there was no trend in the levels of total and HMW adiponectin as shown in Figs 1a and 1b. sex specific analysis showed that HMW adiponectin was found to be higher in case of women (2.5 ± 0.8 vs 1.8 ± 1 μg/ml) (p = 0.002). However when gender wise analysis was done, HMW adiponectin decreased significantly with increasing tertiles of visceral fat in both genders (Females: 2.6 ± 0.9 vs. 1.7 ± 0.7 vs. 1.2 ± 0.9; Males: 2.6 ± 0.9 vs. 2.3 ± 0.9 vs. 1.8 ± 0.8).
Figure 2(a) shows the levels of total and HMW adiponectin in tertiles of Tbars (Lipid peroxidation). With increasing tertiles of Tbars, the levels of total (9 ± 0.7) (p = 0.03) and HMW adiponectin decreased (2.4 ± 0.2) (p = 0.002). The levels of HMW adiponectin, (2.7 ± 0.2) (p < 0.001) but not total adiponectin was also found to decrease with increasing tertiles of Protein carbonyl content (PCC)/ protein peroxidation as shown in Fig. 2(b) . Figure 2(c) shows that the levels of Total (9.8 ± 1.1) (p = 0.02) and HMW adiponectin (2.9 ± 0.1) (p = 0.004) were highest in the first tertile of oxidized LDL followed by tertiles 2 and 3.
With increasing tertiles of inflammatory marker TNF-alpha, total (8.2 ± 0.5) (p = 0.01) and HMW adiponectin (2.5 ± 0.1) (p = 0.004) was found to decrease as shown in Fig. 3(a) . With increasing tertiles of hs-CRP, total (8.2 ± 0.7)(p = 0.005) and HMW adiponectin (2.5 ± 0.2) (p = 0.007) was found to de- crease as shown in Fig. 3(a) . Figure 4(a) shows the gender wise scatter diagram for HMW adiponectin. 
Discussion
The major findings of the study are as follows: 1. With increasing levels of lipid and protein oxidation and oxidative stress markers, the levels of HMW adiponectin were decreased. 2. With increasing levels of inflammatory markers like TNF-alpha and hs-CRP, HMW adiponectin decreased. 3. HMW adiponectin was significantly associated with lipid and protein oxidation markers, oxidative stress markers and inflammatory markers even after adjusting for several factors like age, gender, BMI, smoking and creatine levels.
In the Asian Indian population there is only very little data assessing the metabolic significance of the multimeric forms of adiponectin. As each isoform of adiponectin activate different signaling pathways they exert differing effects on different tissues [16] . Hence it is important to study these isoforms in the context of diabetes related metabolic disturbances like fat accumulation, oxidative stress and inflammation.
Oxidative stress is induced by means of excessive reactive oxygen species production which could be a contributing factor for the pathophysiology of diabetes as hyperglycemia leads to the production of oxygen free radicals [17] . Diabetes is a pro-oxidant state characterized by increased LDL oxidation [18] . Our report shows that with decreasing levels of HMW adiponectin, oxidative stress markers like TBars, PCOs and Oxidised LDL were increased. Zhou et al. have shown in adiponectin knock out mice that the effects of oxidative stress on the respiratory chain are mediated by adiponectin [19] . In endothelial cells, adiponectin has been shown to suppress the production of reactive oxygen species, and protects cells from inflammation that results from exposure to high glucose levels or TNFalpha [20] . HMW adiponectin has been shown to inhibit the proliferation of hepatic stellate cells via the suppression of ROS generation [21] . Indeed, highly oxidizing conditions could also prove deleterious to the oligomerization of adiponectin itself [11] . Briggs et al. have shown that under highly oxidizing conditions, adiponectin trimers do not oligomerize properly [11] . Hence, under oxidizing conditions, the predominant oligomers were hexamers and trimers that oligomerized poorly into larger HMW species.
Distribution of adipose tissue has been shown to be an important determinant of inflammation [22] . Our findings are in agreement with the previous reports showing that with increase in visceral fat, HMW adiponectin levels decrease [23] . Earlier we have shown that total adiponectin decreases with increase in visceral fat and hence the association with total adiponectin could be due to the HMW form as shown in this study [10] . But this decrease in HMW adiponectin with increase in visceral fat was not reflected in case of subcutaneous fat. HMW levels did not show any trend with increasing tertiles of subcutaneous fat.
Increased secretion of TNF-alpha from the visceral fat could directly inhibit adiponectin secretion [24] . TNF-alpha levels increased with decreasing levels of HMW adiponectin and our findings agree with the results of Hajri et al. who showed that decline of adiponectin levels and alterations of isomer composition in plasma of obese subjects could be explained by increased TNF-alpha production [25] . Reduced HMW adiponectin and elevated hsCRP have been shown to be synergistically associated with the accumulation of metabolic disorders [26] . Hs-CRP could be elevated due to inflammation because the inhibitory effect of insulin on acute phase protein synthesis is inhibited in case of inflammation [27] . With all of the above parameters total adiponectin showed a similar trend to that of HMW adiponectin from which it can be speculated that the differences in total adiponectin are mainly contributed by the differences in the HMW isoform.
In our study women showed higher levels of HMW adiponectin compared to men and this is consistent with other reports [28] . But in tertiles of visceral fat both men and women showed the same trend of decreasing adiponectin levels. The decreased levels found in men could be because of the inhibitory effect of testosterone on HMW adiponectin [28] . However, the limitations of the study are that the sample size is relatively small and the other multimeric forms of adiponectin are not looked into. Also, our study could not prove cause and effect relationship since it's a cross sectional study. In conclusion, we show that oxidative stress conditions, visceral but not subcutaneous fat and inflammation are associated with HMW adiponectin in Asian Indians.
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